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AREAS OF RESEALRCH

Rocket sounding contributes to many areas of reseerch. ¥he most
important contributions are those for which the rocket is required. among
theszs are obscrvations of the radiations which enter the carth's atmospher.
but eannot penetrate to the sround. also included are measurements of
properties znd conditions of the atmosphere that exist at hi:h altitude
where they cannot be observed from the ;round or the lower atmosphere.
“ithout the rocket observacsions, there is much c<bouv the upper atmosphere
and the incoming radiations that would be left entirely to speculation.
It is the intent in thie section to review gome of the important areas to
which rocket sounding has contributed and to which it can contribute.
particular stress will be laid upon. the problems yet to be solved. It will
he geen that there is much yet to be Hong, and that there is a real need
for good ideas and effective methods of attack on the various problems.

£ rth' Atmosphere

The ¢arth's atmosphere presents one of the most exciting
challenges of geophysics. T.iere are mahy aspecdts of the atmosphere that
are intensely interesting in t.emselves. The whole subject of meteorology,
which has direct bearing on our everyday living, is one of great complexit;
and fascination. The high atmoephere, %00, has a fascination of its own,
but is quite different. Thereas in the lower atmosphe¥e, water vapor plays
a major role, the "weather" of the upper atmosphere is based primarily on
electrical and photochemieal changes. The ionosphere, its composition, its
relations to solar radiations and activity, its dynamiocs, its connections
with magnetic storms and radio blackouts, are all intensely absorbing. The
motions of the atmosphere, not only fhose near the ground which we experie
day in and day out, but those in the higpew atmosphere, are themselves a
subject of both interest and importance. Eﬁx, the principal fascination is
that all this topics, and more too, concern & single entity that comprises
the earth's atmosphere. It is understanding this total entity and all the
interrelationships between tlie various aspects of the atmosphere, their
changes with time and throughovt space, that makes up the big problem.

To solve this overall problem, one has to fit together into a
congistent theory the observed facts abomt the structure, motions, and
chemistry of the hizh and low atmmosphere, about the meteorology of the
lower atmosphere, asout the energzy inputs into the atmosphere from the
sun in the form of electromagnetic radiations and particles. There are
other, lesser, energy inputs also,such ag the solar and lunar tides. In
«ddition there are effluxes of energy to be taken into account.

{and in hand with the effort to understand the atmosphere as it
is today goes the effort to unveil the mysteries of its origin. The subjec
broadens and increases in interest when ons considers. the relations betwee
the earth's atmosphere and those 0f the other planetg. With satellites and
space probeg to collect information on the atmospheres of the other planet
while sounding rockets examine the eaath's atmosphere, there opens up the
opportunity to compare, to seek out similarities apd differences. The comn
study of terrestrial and planetary atmospheres will lead to a better under
standing of the earth's atmosphere.

There are two principal aspectgs to the job of developing an understan
ing of our atmosphers. First, there is the collection of data. This task
has been underway for a long time . In the last 15 years the sounding rool
has contributed greatly, particularly in the collectien of data on the up-
per atmosphere. Fuch remains to be done. Secondly, there is the task of
assiuilating the data into a correct picture of the whole atmosphere and
itg behavior. Tuis is a task worthy of the best that theorists can devote
to ite

Meny methods have been used to collect data on the atmosphere. There
are ground observationg, balloon measurements, and experiments with air-
craft, rockets, and satellites. All these approaches are important and
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and prodwctive. Since, however, the subjeet of this paper 1s rocket sound:-
ing, we shall confine our attention to the rockets.

Structure. In considering the atmoesphers it is natural first to
look at the struectural properties , namely, pressure, temperature, and
dengity. The pressure and density vary eegsentially exponentially with
height. But both pressure and density profiles depart from a pure
exponen%ial because temperature varies with altitude. Above the E-region,
conpesition thanges: alao-have an apprmpiable effect. The exponents of the
pressure and density functions show awmaxksd change above about 130 km.
The atmosphere exhibits differences at @lfferent latitudes, especially at
high altivwdes. In tha.auroral 2 0ne abzhigh *altitude, the atmosphere is
much hotter than ovsr the tamperate and equatorial regions. Likewise, the
auroral zone densities are highap t,ﬁ 1wﬂe in lower latitudes. This
effect is perhaps dme to the influx of théenergetic particles that cause
the aurora. These part;cles,contrlbute the energy to the atmosphere that
accownts for the higher temperatures and densities. as may be exgected,
there are day to night differences, particularly at the very high al+titud=
where the diurnal variations are quite large.. This in twrn means that the
atmogphere exhibits differences in longitude that are connected with the
sclar pogition. Seasonal diffepguces;spd,. of course, gquite merked in the
lower atmosphere, but are not well pinned™“dowr. If, as has appeared likely
of late, solar particles have a marked influence on atmospheric behavior,
then one expects that thara wlll be 1mportant variations connected with
the solar cycle.

'me rocket can provide nmuch neesded data on atmospheric structure.
Measurements should be continued throxghout a complete sunspot cycle:
leasurements are needed all over the world to exhibit geographic wvariation,
as well as changes with time of day and season. Tnere 1s particular
importance in determining what relations may exist between the meteorology
of the lower atmosphere and the activity of the upper atmosphere. €ooperat
rocket firings designed to give simulteneous, or specially related,
observations on the upper atmospncre at @ifferent geographic locations
would be of great value. -

_Composition. The gross composition of the earth's atmosphere 1is
known from direct measurements in the lower altitudes. The lower atmospher
is characterized by the presenca of water vapor and only a trace of
ionigation. In the high atmosphere, on the other hand, +%here is virtually
no water, but much more ionization. The lower portion of the atmosphere is
thoroughly mixed, this mizing extending up to roughly 100 km. atmospheric
constituents begin to show a diffusive geparation with altitude. Below
80km. there is very little variation in the atmospheric composition, the
mos+t notable exception being the formation of a small amount of ozone.

In contrast, above 80 km. there are marked changes. Oxygen dissociates
into the atomic form, with the result that there is very little molccular
oxygen above 150 km. Moreover, the diffusive separation referred to above
tends to emphasize the lighter constituents at the higher altitades. Thus
the amount of helium shiould increase with altitude above 1C0 km. At the
too of the aimosvhere, the principal congtituent is believed 1o be
Lyirogen. The principal ions are the positive molecrlar oxygen ion and
the positive nitric oxide ion in the B ané Fl regions. The positive ion
of gtomic oxygen becomes increasingly 1mportant with increasing heignht,
becoming dominant in the FZ region.

Most of the data on the upper atmogphere described above were obtalned
by means of sounding rockets. There is stlll much for the rockets to do.
adetailed investigation of the distribution of ozone up to and above 60
should be initiated to determine the geographical and temporal variations.
Particular emphasis should be directed ‘toward seeking out relationships
between ozone behavior and weather. lMore information is needed on the phot
chemical processes occurring in the very high’atmosphere. There is op=-
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por.unity, with sounding rockets, for conducting experiments in the high
atmosphbere with sodium vapor clouds Or releases of other chemicals. These
experiments give one a means of detérmining photochemical reactions, wind-
diffusion rates, recombination coefficients, energy and charge exchange
processes, collision cross sections, and even densities. An important
subject that has received but little attention to date concerns the minor
constituents of the atmosphere, both neutral and charsed: There is need
investigate the diffusion region of the high ataosphere in detail. IR
particular, the hydrogen region hag. raceived but little attention so far.
The differences in the high atmosphﬁbﬂ"bctwean the auroral region and the
temperate and cquatorial zones shoulﬁu Anvestigated thoroughly. In
particular, the relative roles of él@%%fomavnetlc radiation and particle
radiations in influencing aumospherie behavior should be investigated in
detail.

Ionization. Observations with rockets and other methods have succeed
in showing that the ionization of the atmosphere in the ionosphere remains
dense from below the E region to the maximun of the F2 region. The declin-
in ionization above the maximun of the F2 region is very slow, there beiny
three or more times as much total ionization above as below. The normal
D region is caused by solar ultravioclet radiatdon in the  Lymun-alpha
line of hydrogen at 1216 Ae The enhanced D region, extending much lower
in the atmosphere than the normal D region, has been shown t0 be caused
by hard X-rays emitted by the sun at thg time of a flare:. The principal
ions in the E region, besides the negative electrons, are the positive
ions of molecular oxygen and nitric .0xide. In the upper levels of the E
region and the Fl region the nitric ‘oxide ion becomes ‘increasingly domina
The positive ion of atomic oxygen increases in relative abundance with
increasing altitude until it becomes predominant in the F region. In midd?
latituges, at sunspot maximun the suwmmer noon electron density is about
2 X 10° electrons per cubic centimeter at F2 maximun. This ionization
intensity decreases by a factor of ten at the time of sunspot minimum.

There are many more details about the ionosphere that have been
obtained by rocket obscrvations. In particular , there have been measwreme:
of the ionosphere in the auroral zone. Neverthelegs, more observations
are required of the differences between polar, auroral, temperate, and
equatorial ionospheres. Special attention to the higher regions of the
ionosphere, particularly beyond the F2 maximun, is required. Day-night
differences in the ionosphere have as yet not received adequate attentione.
In addition to measurements or the normal i®nosphere, study of unusual
‘conditions is important. Investigations should be me de of sporadic E,
gpread F, and ionospheric inhomogeneities. Particular attention showld
be devoted to simultansous observations of solar activity and ionospheric
effectse.

Wotions. Atmospheric motiong, winds, and turbulence, have long been
studied in the lower atmosphere. They comprise a fundamental part of the
weather picture. In the upper atmosphere, obssrvations of metcor trails,
both by wvisual, photographic, radio, and radar techniques, have yielded
much information on upper winds. Ionospheric drifts have been investigated
by radio techniques. Most recently rockets have been used in the invest-
igation of high altitude winds. Grenades €jected from rockets and exploded
generate sound waves which traverse the atmosphere at a speed characterist
of the ambient atmogpheric temperature. Observations of the transit times
of the sound waves from the explosion point to listening stations on the
ground provide, therefore, a means of determinin:s atuospheric temperature
at high altitude. Winds in the upper regions influence the speeds of the
sound waves from the grenadeg. By their effect on the sound speeds these
wind speeds can also be measured. The technique is appl.cable to altitude-
from balloon ceilings to around 90 km. reaching to as hi:h zs 250 km.,
sodiur-clouds e jected at tw111 ~ht have proven a powerful technique in
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phgerving diffusion, wind speeds, wind shears, and turbulence. The rising
or setting sun, illuminating the sodium cloud from the side, causes it to
glow in the familiar sodium D yellow linss, This visible cloud can then

be observed both visually and photographically. The rocket observations
heve gshown distinct seasonal trends in‘thelupper winds. 'inds appear strong
and from the west in the winter and ralaﬁifel weak and from the east in
surmer. There are probably diurnael vard t1 na guperpogsed on this ceasonal
behavior. Morning winds appear to be duna Hily and evening winds westerly.
Considerable turbulence and marked Wlm@ ’éars are observed in the E regicu
of the ionosphere; at the higher altitudes larqe wind speeds are observed,
but the veriation with altitude is quits BLOW.

The rocket observations on atmosphavi,;ﬁotlans have been confined to
the northern hemisphere to0 date. Measunamﬁnts have been made at White
Sands, New Mexico; Cape Canaverad, leridaQ"Wallups island, Virginia;

Fort Churchill, Caneade; the Sahata; ”"“ygmgra, augtralia. There is a neec
for similar observations in the southern hémisphere and on the equuador. So
far the data obtained ars scattered andl rather meagre. liore information is
neaded on both daily and scasonal Variﬁtiﬂgam 4 thorough coveraze is
required from the equator to both poles. In such observations an inter-
nationsl cooperative prozram would be of ;reat value. The sodium vapor
cloud technique particularly lends itself to cooperative programs. The
grenade technigue is more difficult tQ.use but might possibly be employed
in cooperative observations fo tiae lower altitude range. More attention
should be paid to obtaining data on vertical movements within the atmosphew

on turbulence, and on diffusion.

Aurora. The evolving picture of the earth's radiation belts lends
support to the belief that the belts are the immediate scurce of particles.-
that give rise t0 the aurora. It is clear that the aurora is assoclated
~ with activity on the sun. althou h the wvisual aurora can be observed and
studied from the ground, the rocket is needed to investigate the aurora
from within to measure the ultraviolet aurora and to observe the particle
. radiations that create the phenomenon« Rockets within tlie aurora, hand in
hand with ground observations on the one gide and satellite observations
on the other, vprovide a powerful method of attacking this most interest-
ing problem. There is, of course, need for information on the nature and
energy of the particles within the atmosphere that are associated with
aurora. It will be of intercst to observe where these particles are
stopped, and the radiations to which they give rise- x-rays and ultra-
violet radiations must be studied in rockets and satellites, whereas the
visible radiations can also be observed from the ground.

Airzlow. The airglow is a faint radiation that is continuosly given
off by the earth's hi h atmosphere. The airslow is comprised of lines and
bands of the atmospheric constituents. The well-known 5577 A green line
of atomic oxyzen is included. Other wavelengths are also observed, includ-
ing the sodium D yellow lines. although the airglow spectrum is similar
to that of the aurora, the a.rzlow is very. umuch falnter than the auroral
radiations, and the mechanism giving rise %o the airglow is different from
that giving rise to the aurora. The airglow is a fluorescence and
phosphorescence of the upper atmosphere molecules. It is evidence of photo~-
chemical activity in the high atmosphere, and this is the principal
importance of the airglow to the atmospheric researcher. The alrglow also
furnishes clues to atmospheric compositions

It is possible from ground-based observations to obtain great quantit:
of data on airzlow intensities, geographic distributions, and variations
with time. However,Agréat difficulty attaches to determining the heights
from which the airglows originate. The rocket on the other hand can very
quickly determine the actual heights of origin of the airglow radiation.
Rockets in coopsration with ground-based photometric observations can
provide a strong attack on the vroblem of the airglow. Determination of
longitudinal, latitudinal, temporal, and altitude variations 0¢ the air-
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glow are of particular importance. The chemiecal activiities associated with
*the airglow radiations are likewise essential pieces of information. In
addition to observation of the natural airglow phenomenon, t.e rocket pro-
vides g means for experimenting with artificial airglows. These can be
produced by ejecting various materials into the hizh atmosphere. For
example, sodium or potassium vapor clouds sjected into the high atmosphere
at the time of the setting or rising stn provide a glowing cloud which
flaoresces under the radiation from the sun. Ethylene gas ejecte@ into the
ionosphere glows because of photochemicel reaction with atmospheric
constituents wlready there. The same ig truvue of nitric oxide ejected into
the hizh atmosphere. A combination of observation of the natural airglow
and experimeniing with artificial airglows should prove to be a powerful
tool for investigation of photochemiegl:and ionization processes in the
high atmosphere.

Bxternal influences. There are powerful influences acting upon the
carth's atmogspnerec. The sun'’s electromagnetic radiation brings a
congiderable amount of energy into the atmogphere. This radiation lias a
pronounced effect upon the lower levels, giving rise to the varied
manifestations of weather and climate. It appears that the ultraviolet
radiations also influence the lower atmosphere. It is certain that they
have, along with solar x-rays, a pronounced effect upon the high
atmogphere, giving rise to the ionosphere, heatineg, upper winds, airglows,
etc. For over half a century particle radiations from the sun have been
taken as the cause of the aurora, magnetic storms and special ionospheric
effects. Recent observations of these phenomena together with investigatic
of the radiation belts and the interplanetary medium in the vicinity of
the earth have confirmed and clariiied to some extent the role of particle
radiations in connection with the aurora, ma.netic storms, and special
ionospheric effects. The indication, however, is that the influence of
particle radiations upon the earth's atmosphere is even broader than was
earlier suspected. There are siyns that these particle inputs may also hav:
their influence upon the weather. although these last indicatlions are by
no means confirmed, they are of sufficient import as to deserve careful
investigation. The influence of the electromagnetic radiations from the
sun are direct and immediate. Some of the particle influences on the
atmosphere ocurr immediately upon arrival of the particles, an howr or a
day after the solar event. Other particle influences are delayed by
gtorage of the particles in the radiation belt for long periods of time.

The opportunity now exists with satellites and space probes to mount
a vigorous attack on these various problems. The sounding rocket can be
used to handle those studies that must be conducted within the atmosphere
between balloon altitudes and satellite heights. One needs further detail
on the population of the radiation belt, particularly the low energy
particles. One needs to determine the time history of golar inputs to the
vicinity of the carth, the associated behavior of the radiation belt, and
the agsociated effects upon the aurora, weather, the ionosphere, radio
communication, and the ma~netic field. The connection with radio black-
outs and ma, netic storms is oi great practical importance. .

The earth's mu:;netic field is of especial importance because of its
influence on charged particles. The charged particles in the earth's
radiation belt are held there becauss they are trapped by the earth's
maznetic field. Iikewise, ions and electrons in the earth's ionosphere &are
influenced by the presence of a magnetic field. This field affects
conductivity, diffusion, and current flows in the ionosphere. Similarly
the masnetic field itself is in turn affected by the ionospheric current
flows. "hereas the artificial satellite is probably the best device for
making long-term and detailed studies of the earth's marnetic fizld and
the radiation belt, on the other hand the sounding rocket is best fitted
for investigating ionospheric current flows, and conductivities and
diffusion, since these are associated with the atmousphere below normal
satellites altitudese.. ]
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Cosmic reyec make some inpn+ into the atmosphere. They are the source
of much of the ilonization existing near the ground. But other than that,
the cosmic rays probably have negligible influence on the total atmosphera
behavior. Sounding rockets provide an effective tool for their study,
althouzh balloons and satellites are probably more useful in this connect:’
The major interest in cosmic rays is in the radiation itself, and its
cosmological implications, rather than in Fts =2ffects upon the earth's
atmosphere. Solar cosmic rays, or sclar protcn beams, may be of importance
in connection with effects upon the polar atmogvhere.

Cosmic dust is constantly streaming into the earth's atmosphers. 1t
probably contributes some +0 atmospheric ionization, particularly at the
Lower B region al titudes. It may contribute to control of rainfall, as
sugsested by Bowen's work. 3Sounding rockets are suited to an cbservation
0of the presence of eosmic dust within the atmosphere. Artificisl satellite.
and svace probes are, however, best sulited to tackle the problem of the
fluz of cosmic dust in interplanetary space.

Gravit; exerts an influence on the earth's atmospherc. The influence
0f the earth's gravity is seen in the retention of the earth's atmosvherse,
in convection, and in diffusive separation at the higher altitudes. The
moon's and sun's gravitational attractions exert their influence primarily
through tides produced in the atizosphere. While the rocket is not particul:
ly useful for stwdying gravity itself, as is the satellite cr space probe,
nevertheless the roecket provides a means of investigating the atmosphere's
benavicr wnder the influence of tides and other gravitational phenomenae.

Interdisciplinary attack. an understandin_ of the earth's atmosphere
will be achieved only by bringing together in a coherent and illuminating
fashion the facts revealed by the masses of observational data obtained
in the varicus fields listed above. The problem is broader than rocket
researcn zione. The data must be assembled from all sources: ground
observations, rocket standies, satellite measuremsnts, balloon cxperiments.
These data must be melded together by statisztical analysis, and ky
degcriptive theory to zet the total picture. It is of particular importanc.
to bring oat the inter-relationships existing between various aspects of
the atmogphere. How real, for example, are the effeccts of solar particles
on weather? are there any significant relations betwesen the upper atmosphe:
and the lower atmosphere? "hat features of the atmosphere and its behavior
can contrizute to0 an improvement in weather Iforecasting, perhaps to weathe:
control? In what way are the varioms features of the high and low atmosphe:
agsociated with climate and climatic trende? What features of the atmosphe:
may be useful in forecastingcommunicavions condltions, radio blackouts,
and disturbed conditiong? an important feature of this work is that theory
and observation should be neither gseparate nor sequential. They should go
cmgeiously hand in hand. There should be a continuos feedback from theory
t0 experiment, and experiment to theory. The guidance provided by theory
ghould strengthen and make more offective the observational work. In re-
turn the observational data gives reality to thecretical results.

The broadness of the »problem of the earth's atmosphere is clearly
brought out by the wide range of disciplines involved. 4s a conseguence
there will often be a need for correlated, cooperative observations in
many diseiplines. & program designed to attack the problem of the
atmogphere will naturally include a broad spectrun of experiments in the
different disciplines, including simultaneous observations of different
types. But the brezdth o the atwmospheric problem is alsc geographic. Ve
a7re tallkking about g whole sarth's atmosphere. Hence, there is a great
opportunity for international cooperaticn tc obgerve the atmosphere, not
only at various times, but at many places. Ag during the International
Geophysical Year, the broad geographic attaek on the investigation of the

-~

carth's atmosphere shouid conitinue.

The swun
We have already referred to the imporitance of the sun and its
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radiationg in ecannection with +he inveatigation of +the earth's atmosphere
In studying the atmosphere, the facts about the sun are important because
of their conncction with the behavior of the atmosphere. The sun looms in
importance as the major source o¢f energy received by the earth.

But the sun is scientifically important in its own right. It is a sta:
the nearsst star. It providss us with our only opportunity to study a star
clogse at hand. Bsneath the earth's atmosphere, we cannot make the most of
thig opportunity. Te atmosphere cuts off waveclengths below rowghly 2850 4.
In addition, it distorts those wavelengths that do penetrate to the gromnd.
Equipment carried aloft in balloons can extend cbservations somewhat into
the ultraviolet. More importantly, such balloon-borme equipment can be
carried above the atmospheric levels that cause most of the distortion.
Telescopes carried in balloons can be used to make precision observations
and photographs of a clarity that cannot be cbtained at the grownd.

Satellites can put the rest of the atmosphere behind, extending
observations into the ultraviolet, x-ray, and even ghorter wavelength
regions. above the ionogphere, additional parts of the radio spectrum can
also be observed. Satellite telescopes can collect data in all the wave-
lengths. In particular, such satellite-borne telescopes with virtwally
unhindered seeing conditions, can be used Tor precision and long term
observations. s1ll1 of these things can be accumplished when the necessary
engineering of telescopes and stabilization systems has been worked out.

What, then, 1s left to the svunding rocket in this area? The
sounding rocket can be used for initial surveys in a given area, to
determine intensities, and the presence or absence of phenovmena of
interest in given wavelength ranges. The sounding rocket provides an
inexpensive means for carrying out such expla atory work. It can be
used for testing and calibrating eguirment before sueh equipment is used
~on satellites. The Naval Researah Iaboratory, University of Colorado, and

Goddard Space Flight Center groups have been very succesful in the use &
the rocket for investisating the sun. Solar radiations have been measured
‘down to the hard x-ray wavelengths in the neighborhood of 1 A unit.
Detailed spectra have been obtained into the far ultraviolet including
the entire Lyman-alpha series and some of the continuum beyond. Rense

has photographed the He-II 304 A resonance line. Solar x-rays are
enhanced and hardened at the time of a solar flare, but little effect

is observed in the ILyman-alpha line of hydrogen at 1216 A. The x-ray
radiations indicate million degres temperatures in the solar corona.

The normal ILyman-alpha hydrogen line is narrow, showing gtructure. As
shown by Tousey, down to between 1808 4 and 1550 A the solar gpectrwmmn

is similar in character to that o the visible wavelength region, name-
ly a continumm with Frazunhofer lines. Below 1800 4 the spectrvm exhibits
more and more emigsion lines, in which the 1216 A Lyman-alpha line cof
hydrogen is the brightest feature. As mentioned above, the entire Iyman-—
alpha geries and the continuum beyond appears in the spectrum, but with
Tyman=-gamnms, suppressed, apparently by absortion in the earth's atmosphere
The Naval Research Iaboratory growp has obtained photographs of the

sun'g disk in both Lyman—~alpha and x-ray wavelengths.

The important role of the rocket is in collecting data that cannot
be obtained at the ground. There ia @ need for more information on the
aun's energy outpwt in x—ray,'!l%fﬁvigfét; and other wavelength regions.
There is particular need to measure these outputs and their variations
throughout the sunspot cysle. likewise one wishes t0 know more about
the variations from normal quiet sun conditions to flare conditions/

It is important to obtain detail across the sun's face, and out into
+the corona. Of great importance is the study of solar particles and

end magnetic fields agsociated with the sun and the clowds of varticles
1t emitsg. Observations are needed on the extent of the sun's atmosphere
and the variation of conditions in the solaxr atnosvhere with distance
from the sun. The effect o +he sun upon the interplanetary mediwm 1is
£ gecientific importance. Many of these observations will be done by
wncans of gatellites and space probes. But within and at the edsge of the
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earth's atmosphere the sounding roecksts havae their role .

" Cbservations that from ancther point of wiew were a study of the
earth's atmosphere and the sun's influence on that atmosplere, can
be turned sround tov give an approach o the study of the sun it-
sclf. Rockets can be used very cffectively at the time of an
eclipse as the Naval Rescarch Iaboratory group has shown.

Once again the problem is broseder than simply observing and
collecting infurmation. Theory should oo hend in hund with exveriment.
One will want to explore the meaning of +the data obtained, not just
as they apply to the sun, but for stellar *theory in general.

Rocket astronomy

One of the most exciting possibilities of roeket sownding
is that of making astroncmicul observations above the atmosphere
in wavelsngths that cannot be observed at the ground. Thig field
of rocket astronomy, which was opened up by the Naval Research =
Lzboratory sroup, is still in its infancy. The initial rocket
observations will evolve in time into an important artificial
gatellite activity. 3ut there is still nuch that the sounding rocket
can do.

The Naval Research ILaboratory group has shown the Dresence
of strong ultravioclet sources in the sky. These ultraviolet
radiations give a clue to evolutionary processes goin; on 1in the
gstars and in interstellar spaes. Ths obgervations are being
continued by the Naval Research Iaboratory and the Goddard Space
Flight Center. So far, the obscervations have been confined to the
Northern hemigphere. Ticre is a need to exiend them to the
Southern hemispherz.

Cortainly an important feature of satelliite astronomy will
be the opportunity tc observe in the gamme ray region. Whether
or not this might lend itgelf to the sounding rocket approach is
a matter of question; sut it may be worth exploring.

Meteorology

The weather is always at hand. I+4s importance is patent. Any
tool or technigue that can be made to aid in foreeasting, or in
the modification o weather, has practical value. Inthis field,
the sounding rocket can indeed be of use. The moderate altitude
rocket,cwhich ean be made of simple construction, can be used to
measure the meteorological properties of the atmosphere above
altitudes obtainable by balloons. For such observations the rocket
with a peak altitude of between 60 and 70 km. can be very useful.

Sounding rockets can be used in the meteorolozical area
both for research and for operational needs. In either case, the
principal aim is the collection of data on pressure, temperature,
density, water content, ozone, and winda. Also of value are
obscervations on solar ultraviolet radiation. The rocket method
ig of particular importance not only because it permits one %0

xztend the observations well above balloon altitudes, but also
because the obhservations can be taken guickly. For operational
nceds, for example, for obtaining meteorolosical data in counnection
with a missile firing, the rapidity with which the data may be
collected is important.

There are several approaches. To obtain upper alir winds,
chaff or metalized parachutes can be“ejeeted from the flying roekets
and tracked on descent. This technique is effective to perhaps
60 km altitude. Gages plus radio telemetry can be used to obtain
pregsure , temperature, density, water content, ozone, and solar
ultraviolet. The techniques are those that have decome familiar
in rocketry. Here again, the rocket can propel the instruments
t0 altitude quickly, where the measuring package ean be ¢ jected
and lowerzd by parachute to slow its fall through the atmosphere.
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In the United States, small sounding rockets have been
 used for collecting meteorological data on a quasisypaptic basis.
In this cooperative effort, at about a half dozen stations tie
small rockets kave been gent sloft periodically,gn.accordance
with an agreed plan. - There appaars %0 be no quaption but that this
tachnique can be made. operationalﬂ"ef*eotlve. attractive
feature of such a prograp is that it has both local and wide-
scale valse. Plainly such a aoqparafive program eould be developed
intc an 1nternationa1 eooperativa ‘affort.

For research pupprsoa,the grenade technique of Strowd snd
co~workers at the Goddard Space Flight Center, gives temperature
and winds to 80 or 90 km. The observational data are obtaired
quickly, bwut the reduction of these data to temperature and wind
values is a lengthy process. Far -this rcason, the grenade approach
may not prove to be a particularly uwseful teshnique for operational
Obgervations. )

On occagion, rowsket DhotograOy may prove very useful far
meteorological rssearch. It is even possible that rocke¥ photo~
graphy may prove useful for operational needs. It vowld seen,
however, that the satellite approach, illustrated by the Tirocs
satellite, iz the long—-range answer for weather photography.

i1t field of meteorology, the sounding rocket will be a

partner with the weéather surve:llance satelllite in the ycars to
ccme., Both will have to be suppertd by a strong theoretical

effort. This effort will have to he devoted certeinly to the
physics o +the problem requires theoretical attention. The masses
of data that will become available fromweather satellites and
rockst sounding nets will prove overwhelming unless caureful
attention ig devoted to the problem of using these data. If there
ig any intention of applying the data on a realtime basis to
weather predietion and operational needs, the groendwork must

be laid for this activity. This is a problem thet has not yet
been solved.

Cosmic Rays ‘

The pioneering work of Van 4llen and others in the early
days of rocket sounding laid the basis for the present day satellite
and space probe rescarch on cosmic rays, radiation belts, and
interplanetary particle radiations. Much of the current activity
in this field will be done in bhalloons on the one hand, and in
satellites and space probes on the other.

But there ig still a role for the sounding rocket. Cosmic
ray emulsions can be exposed in very high zltitude sounding rockets,
and quickly recovered for processing and study. Important emulsion
experiments can be done in rockets that reach altitudes from a hundred
kilometers to many thousands of kilometers. The very high altitude
flights not only provide long exposure times, but also corry the
emulgions beyond the earth's atmogphere into the lower reaches
of the Van allen belt. a4 sibject currently of great interest is
tha+t of the solar proton beams observed in connection with large
solar flares. Invegtigation of these solar proton beams by means
of rockets ig being carried out by the Coddard Space Flight Center
group. Rockets bearing cosmic ray emulsions, are launched in the
polar rezions into the solar beam following the occurrence of a
beam producing flare. After flight through the proton beam, the
emulsion is recovercd from the Tallen rocket for study.

It may well be that there are many other usesg of tlie rocket
in connection with the atudy o cosmic rays. Ideas are what are
neecded. :

Miscellangous Problems
One can go on at length to list areas in which sounding
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rrolzova hovo besn, and will continue t0 be usoful . Rut probahbly
encagh detail hao Leom preasnted gbove t0 give a feeding for
the importance of the sounding ronke+’s role in high altitude
research. We shall, therefore, simply list quickly, without de-
tailed discusgsion, the remaining arcas that come to mind.

The carth's magnetic field was montioned in connection
with the upper atmosplieré. The field, however, has an importance
also as a feature of the earth as a planct. Oareful study of
the earth's magnetic field may yiold clues =zs t0 conditions
in tiec imterior of the earth, and ss to the carth's carly history.
Mach of thc obaervatlon of the earth's magnetie ficld will be
secomplighed th ‘aptificial parth SutellltGS- But measarcments
within icnospherie ckrrent shects m&d electrojets, and of their
effects on the magnetic fisld, u»p perhaps best done with rockets.

Invcstlgatlons of cosmic dust-within the atmospherc, its
contribution %o atmospheric ionlzatian, and its relation to
weather phenomena, are susceptibles o rocket teshnique.

There ig the field of high altitude rocket photography,
which may have very ussful application in the gtudy of the earth,
the =atmosphere, and the wezthere

Somnding rockets should be used whenever possible for flight
testes of equipment, and checkout of expsriments, initial swrveys,
etc., beforec an experiment is finally committed to a very expensive
gatellite or apace probe. The sounding rocket is of use in re-
entry tests, dimodynamio measurements, mezsurcments of drag
hezting, c¢te.

How uscful the sounding rocket may be for bioscicnces re-
search is perhaps still an open question, 2l though the Soviets
secm to have used t.e rocket extengively for such studies. Oertainly
a great deal of thought in this matter is ealled for.

Finclly, let us not forget thet the upper atmosphere is e
huge, high-vazcuum leboratory provided to us by natwre. Here
processes can be studied without worrying about wall effects and
gimilar Inboratory vexations. By rgans of cjecting subgstanees
into the high atmosphere, it shouwld be possible to make measkrements
on diffusion coefficients, attashment coefficients, recombination
coefficients, charge exchange procegses, photochemical processes,
and other important physical quantities and phenomena, A beginning
of thia sort of experimentation has already besn made by the
United States Air Force :nd the Geophysics Corporation of America
in releasging sodium vapor clouds, ethylene, nitriec ovxide, and
other chemicals into the upper atmoaphere. The potentialities for
such experimentation showld be explored further. More thowght and
more ideas are needed.

METHOD OF ATTACK

To invegtigate the high atmosphere by direct observation,
one must gt the measuring equipment up there. This is what the
gounding rocket makes possible. It carries equipment aloft into
the hi:h atmosphere to the very regions where observations are to
be mde. Once there, the cquipment must then operate automatically.
The data obtained must then be retrieved. This can be done
either by recording on tape or film, or in some fashion, within
the rocket, and then reeovering the record from the rocket after
it returns to grounds To facilitate the recovery < this record,
parachutes may be used to lower the portion of the rocket ocarry-
ing the record. Or, what is more common, radio may be used for
telemetering the information. The measured data in this case is
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coded within the rocket and impressed upon a radio carrier which
is transmitted from the rocket to the ground. At the ground this
telemetering signal is received, decoded to recover the informetion,
and reca%ded ig some permanent form, for example, on £ilm or on
maonetlc ﬁapﬁt .

: data :Dbtained either from the telemetering signal, or
_reclaxmea 1 thﬁ fallen rocket, cantains the information that
the rockgt Waa%éent alsft to acquire. This infonmation, however, -
ig of ll@ﬁleﬁ~.a unlcss onc can det@grmine whers the individual
mewsurcm@nts,‘rﬁu actuall: made. Iteds .of llttle value to know
that thelvreds b neasured by zn ingtrument was o neny nmicrons,
withont Knowing st whet altitude that measurement was made. The
s titude versua;¢Wm@ higtory of ‘the ¥oeket can be obtained very
wececurately by ﬁqﬂﬁmber of tracklng ﬁhthods Rzdap ar optical
trgcklnvAcan pﬂa“ide the needad datas When leSS‘&ﬁﬁwrate position
information isgufficient, the rook#%'s trajectory mey be estimited
from its known, parformanoe churwaﬁaggatlcs. Or ggeelearometers may
be included in’the rocke¥ to assiﬂv n egtimating ¥he trajectory.
In sone ¢ascs experinental instrumentation within ths roeket will
provide clues as to the trajectory followed, as for example in
the cuse of cosuic ray ecmters which should show a maxinum counting
rate at 19 km. altitude within the certh's athSPhcrc, ot the so~
called ‘Pfotzor paximun of cosmie ray intensity. Knowing the times
2t which thig maximum intengity was observed on aseent and dcscent,:
and the total time spent betwecen these two obscrvations, one can,..
by fitting = frap fall trajectory to these times and ltltu;CS,. ‘
obtein a fairly good estinate of the rocket's trejectory.

Ihe sztaw ' i equlgmcnt ugsed in rocket sqmniing of the lppcr

.....

telemeters, pow&ﬁ supplies, comnand reccivers and trunsmltters, "j,
parachutes, teiemdtcrlng tronenitters und ground stations, radsr
ground stationd, ralar beacans, radio velocineters, theololités,
telesoopes, ballistlc caneras, ground antennae, ete. For special
lzunches at particular g@egraphical locations, ships may be used.
Balloons can be employed .tu teke the rocket into the stratosphere
for launching there above the denger lower atmosphere. All these.
are bgsiec support iteng. To them nust be alded the even- lon~er
list of measuring instrements thet &0 research.
The heavily instrumented souniing rocket range makes it

possibkle to obtein not only .the telemetered data from the rocket,

but 2lso acourate timinz, and accurate ralar and optical tracking.
Suek a range is typified by thet at Fort Churchill in Canada, which
was constructed for use during the Internationzl Geophysical Years
The range was oonceived, designed and cungtructed for the
specific purpose of earrying out o series of IGY souniings in the
auroral zone. It was established at the invitation of the

Conalian Government. 4 large part of the omstruetion work was
aceonplished by the United States Arnmy BEngsineers, the remeinder

bein;: lone by private contractor. The range includes an Acrobee
lzunchlng tower which was degigned and built by the Aderojet

General Corporation. This tower is enclosed around the bottom to
permit operation in all kinds of weather. Moreover, the tower v

is nounted on ﬁlmbuls gso that it can be moved ag nuch as 10¢ from

the vertigal in any direcction. The range alsv has has aon Aerobee
preparation building, a Nike=Cajuan launching facility and preparation
area, a firing blockhowse protected with sand embankments, propellant
and booster storage buildings, a radar system, a five-station Doppler
velooity and position system (DDVAP), a ballistic camera layout, .
ionospheric ground stations, telemetering stations, a geophone net

SIE 8



for socund ranging, complete communications, anl a tining systen.
Wind Azta and weather information can be obtazined from the € :nadian
Depurtnent; of Twmsport Statiom ut Fort Churchill. A Canadian
imosonie statidh is zlsd in operation in the Fort Churchill wrea.
Firings nay be mpde over a lan? area to the svuth or southeasts or
out into Baﬂsan?“iBuy to the east and northeast. A facility such

28 that ot Post Bhirchill costs many nillions of dobflars to construct,
andl upwards of @ @million 1ollars per year t9 operate.

There 48 & great value to having = range like that at Fort
sharchill for the firing of sounling rockcts in $he northorn akroral
zones 1t nakes §0351ble investiationg of the aurora znd rclated
phcnamena, of the Arctic c,tlws.r}phorc, of the Arctic aonil ahroral

onosphera, anﬂ.ﬁhencmcnf pcculiar to the solar rcgions. The
N timal Apronadtics wnd Space alninistration's Wallops Island
Rongo is ginilow 40 that 2t Fort Churchill in completencss, and
provi‘ies a 31te“‘gr rocket sounling in the tcoperate latitudes.
There is a nced for similar rangoes in the svuthern hemispherc anl
cn tle equatora |

Onc should hasten t9 point omt that therc are nany rockets
gounding projects that donot require the fully cquippel range such

s thoet just describeld. Much cun be ione with n dinpile ricket,
1ts launcher, afl a telenctering ground st= tlon. The roeket ccould

be & sqali or mn?

sfdrote size solid propellunt vohiele. The 1a uncher
coull be a portable zcra—lanth device that can be eusily nuovel
sbout and qulokly get up anywherc that neccgsery sufety conditions
czn be neti. Ajpm#t&blc telenctering ground station, with its antenna
systen =nd portahle liesel or gasoline “riven power supply can be
s¢t up in the vieinity of the l.uncher, or perhaps appropriately
1own range. Hecessary timing oz the launching «ni fligsht can be 4 onc
with very sinple equipment loeated with- the telemetering groand
station. The rodio signals from Wi, or other radio tine sign=ls,
can for exanple be used for this purpose. Helghts versus tine can

bc estinated from fthe known perf oriince choracteristics 2f the rocket
and its totel flizht time o2s indicated by the telenetering. an
on~bonrd acccleromcter can be uscl to assist in this Actermination.
Te totnl cost of such o nininal facility nicht be as 1w as

$ 50,800, not ineluling the cost of the rockets znd thelr
instrunentation,

Between the nininal facility anl the moist claboratc onc there

igs o wilé range of possibilities. VWhich ‘e reec >f eluboratencss

ig Acecided upon in any case will depend upon what arc the real neels
of the reseyrch to be 1one.
CONCLUSION

There arce neny problens for sounding rockets yet to solve.
The satellites anil spacc probes 1o not by any rncans put the
sounling rockets out «f businesse Instecd, they beeone partners.
Tk - rocket, in fact, is intermeliate between the balloon and
the satellite, forming o triple partnership with then. There is
need for sounding rocked activitiss at varivus places around the
world. Observation? which have becen going on in the northern
henispre re should now be extenied to the southern henisphere
and to the cquatorial regions.

Te earth's atmosphere, for exanple, is an extrencly
conplex and challenging object of studly. It requircs observations
in neny lisciplines, o a bewillering array of differing quantities.
The varying inputs of energy to the atuosphere nust be observed
and catalogwed awp e function of time, season, and phase of the
sunspot eycle. The influence of QurtICle radiations up.n the
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. atnosphere, and the gzeographical Aigtribution o>f their inpact upon
the atnosphere nsst be deterninei. In nwny cases, cooperative
Leasurenents at varioius spots zround the world are nzedel. Mast
inportent ¥ «ll, the broed interdisciplinary approach 1o the
stuly of the atiiocsphere nust be andertaken to develop an unier-
stan’ing of the totoel atuosphere, high an? low, the ionovsphere,
ant the neteocrvlogy of the weather region in which we live.

The sun, astronomy, uneteoroloyy, cosnic rays, and variosg
other arecas offer nany cxciting problenms for the rocket approach.
The big need, o>f cowrse, is for someone to peer through the
neze of possibilities ani see which are the really inmportant
things to 1o, =nd the best way to 1o then. Equally inportant is
the nced £or someone to 1o then.
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